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DESCRIPTION 



The present invention relates to a method and a device for data extraction 
from a data stream containing at least one data packet, in particular for use 
5 in a receiver of a wireless digital communication system. 



BACKGROUND OF THE INVENTION 



E. g. in TDMA based wireless digital communication systems, like Bluetooth, 
10 data is transmitted over an air interface in separate packets with well-defined 
structure. I. e. data is transmitted in a data stream containing a plurality of 
data packets. Before a receiver can extract the wanted data out of these pack- 
ets it has to perform different processing steps. 

15 Signal parameters have to be estimated and appropriate compensation for 
them has to be done, A synchronization unit, that will be described below, is 
responsible for the initialization and data extraction in a Bluetooth receiver. 

Bluetooth is a global standard for wireless, short-range, low-power, low-cost 
20 data communication. On the physical layer a binary, gaussian shaped fre- 
quency modulation with low modulation index is used. 



Figure 1 shows an example of the receiving chain of a wireless TDMA receiver. 
After down-conversion of the carrier frequency to an intermediate frequency 

25 IF by a mixer 10, channel selection is done with a channel filter 11. Then af- 
ter demodulating the waveform in a demodulator 12, the waveform (shown in 
figure 2 (a) as wavy line W) is transferred into a digital representation (shown 
in figure 2 (a) as X-es DW) by an AD converter 13. As a consequence a syn- 
chronization unit 14, that receives the digital representation of the received 

30 waveform, i. e. the digitized demodulated waveform of the received signal at 
its input, can he fully digital. At its output, that is connected to a link con- 
troller 15, it provides the extracted bits of the received data packets for 
further processing on higher layers. 



35 



Jn order to enable data extraction different tasks have to be performed by the 
synchronization unit 14. 
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1 The bits of a data packet are transmitted over an air interface 9 that is repre- 
sented by an antenna in figure l.lna sequence of binary FM-modulated sym- 
bols. Thus, each symbol represents a received bit. After the FM-demodulation 
the synchronization unit 14 has to process these symbols as the symbols arri- 

5 ve at the synchronization unit 14 with an unknown timing and unknown DC 
leveL 

However, for data extraction unknown parameters have to be estimated. The 
DC level resulting from TX and LO offsets as well as from demodulator 12 de- 
10 viations can be a few times the amplitude of the waveform itself. Under cer- 
tain conditions, for example the first connection setup, the timing is totally 
unknown. For successive packets there is at least a timing uncertainty of 
±10 symbols. 

15 Before data extraction can be started an appropriate initialization for the 
applied algorithms is required. 

First of all the presence of a packet has to be detected. When a packet has 
been detected, the accurate symbol timing needs to be determined. Also a DC 
20 estimate needs to be available when data extraction starts. 

Data extraction requires that for each symbol a 1/0 or a hit decision is made, 
i.e., it has to be decided whether a symbol represents 1 or O. Common method 
for this decision is to slice the waveform i.e. the sequence of symbols with a 

25 DC estimate {shown as line DC in figure 2 {a}) into decided but oversampled 
bits illustrated in figure 2 (b). That is, based on the DC estimate for each of 
the samples within one symbol a separate bit decision is made. Then for each 
symbol one sample out of the oversampled bit stream is taken as the result of 
tbe actual 1/0 decision. For an optimum bit error rate performance under no- 

30 isy conditions the samples corresponding to the symbol phase with optimum 
signal to noise ratio (S/N) (- the so called golden samples -) have to be taken. 
Figure 2 {ci shows the golden samples taken from the oversampled bit stream 
by appropriate sampling and the corresponding bits. 

35 A DC estimate can be obtained by freezing the output of a low pass filter at an 
appropriate time instant when a packet has been detected. The position of a 



1 golden sample is assumed to be In the symbol center and therefore can be di- 
rectly derived from the symbol timing. 

When data extraction has been started DC estimate and symbol timing esti- 
5 mate may be continuously corrected. 

Further, in some known solutions a synchronization unit processes only al- 
ready sliced bits, i.e. it receives the oversampled bit stream. In this case, DC 
estimation is done on the radio frequency RF side. However, different DC esti- 
1 0 mation methods (fast and slow adapting low pass filters) should be used for 
packet search and data extraction due to different performance requirements. 
Bit slicing after a false alarm (with a slow adapting low pass filter) is not ne- 
cessarily correct and a valid packet may be missed therefore, 

15 Consequently, receivers have to perform a tradeoff between the packet loss 
rate (packet not recognized) and the false alarm probability (erronous indica- 
tion of a packet). Some receivers simply switch from an unsynchronous scan- 
ning mode Into a synchronous mode in case a packet has been detected. In 
case of a false alarm the detection of a valid packet is often blocked then until 

20 the false alarm is recognized on higher layers. 

SUMMARY OF THE INVENTION 

Thus, the object underlying the present invention Is to provide a method and 
25 a device for data extraction from a data stream containing at least one data 
packet that prevents data extraction From being blocked by false alarms. 

According to the invention a method for data extraction from a data stream 
containing at least one data packet, comprises the steps of: comparing a bit 

30 stream derived from a received digital data stream with an expected bit se- 
quence to determine a correlation value for detecting a data packet, starting 
data extraction when the correlation value exceeds a threshold value indicat- 
ing that a data packet has been detected, continuing comparing the received 
bit stream with the expected bit sequence to determine a new correlation 

35 value, and restarting data extraction when the new correlation value exceeds 
the former correlation value. 
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1 The present invention makes It possible to highly improve data reception be- 
cause the threshold value for the correlation value that is used to detect the 
data packet can be set relatively low, so that the packet loss rate can be kept 
so low that nearly no data packet is lost whereas false alarm doesn't lead to 

5 receiving invalid data. In ease that a data packet is erroneously detected 
while no valid data packet exists, a valid data packet will not be lost, since 
the data packet detection is continuously performed. Thus, in case it is indi- 
cated that a data packet is received that is more likely a valid data packet 
since the correlation value is greater than that of the first data packet, data 

lO extraction is restarted. Therefore, a valid data packet will not be missed even 
if data extraction has already been started due to a false alarm. 

To increase the reliability of data extraction according to the present inven- 
tion the threshold value is a programmable value. Therefore, the threshold 
15 value can be adapted to different operational conditions. 

To simplify the decision whether a valid data packet has been detected after 
starting data extraction due to a prior data packet detection, it is provided 
that the correlation value is stored as a correlation value each time data ex- 
20 traction is started or restarted and the new correlation value continuously de- 
termined after starting or restarting data extraction is compared with the ac- 
tually stored correlation value. 

According to an advantageous refinement of the present invention data ex- 
25 tracted prior to restarting data extraction is rejected, because data extracted 
before restart is apparently false data processed due to an earlier false alarm. 

To further improve data extraction an initial timing estimate is determined af- 
ter detecting a data packet but prior to starting data extraction that synchro- 
30 nizes sampling of bits from a data stream for data extraction with data stream 
symbols. The instant when a packet is detected is only a rough timing infor- 
mation and the initial timing estimate further improves data extraction. 

According to a preferred embodiment of the present invention, the timing of 
35 the sample process is continuously tracked by comparing the timing of 
symbols within the oversampled bltstream with the actual timing of the sam- 
ple process and correcting the timing of the sample process if the deviation 
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1 between the timing of the sample process and the timing of symbols exceeds a 
certain value. 

According to another aspect of the invention the. method for data extraction 
5 from a data stream containing at least one data packet is preferably per- 
formed by a device that comprises a data extraction unit for extracting data 
from a received data stream, a packet detector for comparing a bit stream de- 
rived from a received digital data stream with an expected bit sequence to de- 
termine a correlation value, and a sync-control module receiving the correla- 
10 lion value from the packet detector that controls the data extraction unit for 
starting data extraction when the correlation value exceeds a threshold value. 

Due to the packet detector that can be operated independently from the data 
extraction unit, it is possible to continuously perform packet detection even if 
15 data extraction has already been started. Therefore it is possible to restart 
data extraction as required by the inventive method immediately when a new 
threshold value indicates that a data packet has been detected again, now 
with higher reliability. 

20 The device further comprises an initial timing estimator which receives the 
data stream for determining an Initial timing estimate prior to starting data 
extraction for synchronizing data extraction with data stream symbols, the 
initial timing estimate is output to the sync-control module. 

25 The data extraction unit comprises a DC estimator deriving a DC estimate 
from the received data stream, a comparator for performing a bit decision on 
the data of the received data stream to derive an oversampled bit stream, the 
comparator has first and second inputs for receiving the DC estimate from the 
DC estimator and the data stream, respectively, and a sample-and-hold mod- 

30 ule for sampling the oversampled bit stream received from the comparator. 

The data extraction unit further comprises a timing estimator receiving the 
oversampled bit stream output by the comparator for tracking the initial tim- 
ing and for controlling the sample-and-hold module. 

35 

Since the data extraction unit comprises a timing estimator for continuously 
tracking the timing or synchronization it is possible that the initial timing es- 
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1 timator can work in the same way as before after starting data extraction, so 
that in case that a further data packet has been detected with higher reliabil- 
ity restarting data extraction can be performed in the same way as starting 
data extraction at the first time. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be explained in more detail hereinafter with refer- 
ence to the accompanying drawings showing preferred embodiments. 

10 

Figure 1 shows a simplified block diagram of the receiving chain of a conven- 
tional tranceiver used for wireless communication. 

Figure 2 shows different diagrams for (a) the demodulated waveform, the digi- 
15 talized demodulated waveform and the DC level, (b) the oversampled bit 
stream and (c) the extracted bit data stream with the respective bits. 

Figure 3, a simplified schematic block diagram of a device according to the 
present invention that can be used as synchronization unit. 

20 

Figure 4. a simplified schematic diagram of a sync-control state machine 
used with the present invention. 

Figure 5, a simplified schematic block diagram of a timing estimator used in 
25 a data extraction unit of a synchronization unit according to the present in- 
vention. 

DETAILED DESCRIPTION OF THE INVENTION 

30 The device for data extraction, e.g. a synchronization unit, according to the 
present invention is realized with a highly modular structure. As can be seen 
in Figure 3 the main parts of the synchronization unit are a preprocessing 
module 16 that might contain ADC postprocessing or postdeteetion filtering of 
the demodulated signal, a packet detector 17 that scans the input signal, i.e. 

35 the digital representation of the demodulated waveform for valid access codes, 
an initial timing estimator 18 that provides an initial estimate of the symbol 
timing, a DC estimator 19 that generates initial as well as continuously 
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1 tracked DC estimates for symbol slicing, a comparator 20 for symbol slicing, a 
timing estimator 21 for continuously tracking the symbol timing, a sample- 
and-hold module 22 that performs the downsampling, and a sync-control 
module 23 that controls all modules given above. 

5 

In general, the preprocessing module 16 might contain ADC postprocessing or 
postdeteetlon filtering of the demodulated signal- 
s' g., the preprocessing module 16 is responsible for postdetection low pass 
10 filtering Is used for optimizing the bit error rate under noisy and interfering 
conditions. Output is the low pass filtered digital waveform representation 
DW of the demodulated waveform W. The preprocessing module 16 Is placed 
at the radio frequency /baseband (RF/BB) interface. 

15 The packet detector 17 is responsible for indicating the presence of valid pa- 
ckets. The packet detector 17 gets the demodulated and filtered waveform sig- 
nal DW as input and provides a correlation value CorrVal as output signal. 
The correlation value CorrVal indicates the degree of similarity between the 
bit sequence of the received waveform and an expected bit sequence. 

20 

A packet detector 17 for TDMA transceivers that can be used with the present 
invention is described in detail in the copending U.S. patent application (At- 
torney's Docket No ...) filed on the same day as the present application and 
claiming the priority of the German patent application DE 100 51 889, the 
25 disclosure of which is incorporated in this specification by reference. In this 
application the calculation or the estimation of the correlation value is ex- 
plained. 

The initial timing estimator 18 also processes the digital demodulated wave- 
30 form signal DW- During a given search time, indicated by the sync-control 
module 23, the initial timing estimator 18 determines the accurate symbol ti- 
ming. The initial symbol timing estimate is delivered to the sync-control mod- 
ule 23. 

35 The DC estimator 19 performs two tasks. Again the digital demodulated wave- 
form signal is processed. By selecting an appropriate sample of an internal 
low pass filter an initial DC estimate is generated. Afterwards this DC estima- 
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I te is continuously tracked i.e. in case of a DC drift resulting from a carrier 
frequency drift the DC estimate is continuously corrected. The DC estimate is 
supplied to the comparator 20 for symbol slicing. 

5 The comparator 20 simply compares the digital waveform signal DW with the 
DC estimate and performs the symbol slicing by providing the value 1 in case 
that the value of the waveform signal DW is greater than the DC estimate or 
the value 0 in case that the value of the waveform signal DW is less than the 
DC estimate. Therefore, the output of the comparator 20 is an oversampled 

10 stream of bits as shown in figure 2b. 

The timing estimator 21 continuously tracks the symbol timing estimate. It 
starts with an initial timing estimate that it gets from the sync-control mod- 
ule 23. The timing estimator 21 evaluates the edges of the demodulated wave- 

15 form which are internally generated by processing the oversampled bit stream 
received from the comparator 20 and compares estimated timing and actual 
timing of the edges. The actual timing may be equal, early or late compared to 
the estimated timing. In case there is a certain tendency towards either early 
or late, the estimated timing is corrected appropriately. The symbol timing es- 

20 timate STE is provided to the sample-and-hold module 22 as output signal of 
the timing estimator 21. The symbol timing estimate STE can be actually 
formed by two signals, wherein the timing information is indirectly coded on 
them. 

25 The sample-and-hold module 22 performs the downsampling by taking out 
the golden samples for the symbol decision. The sample-and-hold module 22 
also provides the interface to the following circuits (not shown) which further 
process the extracted data on higher layers. Besides the extracted data B it- 
self, a signal for indicating the data start (FrameSync) Is needed also. 

30 

The sync-control module 23 controls the synchronization process. It is based 
on a state machine where the states correspond to the different phases of the 
synchronization process. With the SyncWin signal higher layers can indicate 
to the sync -control module 23 when a valid packet has to be expected. The 
35 output of the sync-control module 23 is the current state of the internal sta- 
te machine. With the SyncWin signal the other modules of the synchronizati- 
on unit are controlled. 
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A detailed description of the synchronization unit focussing on the sync-con- 
trol state machine and the timing estimation will now be given with reference 
io figure 4. 

The synchronization process can be split into different phases. These phases 
are represented by different states of the state machine inside the sync -con- 
trol module 23. These phases are: 

INIT: All modules are initialized to a well-defined startup sta- 

te. 

SEARCH PACKET: A valid packet is searched. 

PACKET FOUND: A valid packet has been found. 

SEARCH TIMING: The accurate symbol timing is searched. 

SYNC FOUND: The symbol timing, i.e. synchronization, has been found. 

ACTIVE: Data extraction is running, however the search for valid 

packets is still continued. 

FINISHED: Data extraction is running until the synchronization 

unit is switched off, no packet search is done anymore. 

When the synchronization unit is switched on, i. e. the clock is running but a 
signal enable is low, i. e. the signal enable equals 0, the state INIT is entered. 
Internal registers are reset to default or programmable values. The state INIT 
is left and the state SEARCH PACKET is entered when the enable signal is set 
to high, i. e. the enable signal equals 1. 

By entering the state SEARCH PACKET the packet detector 17 as well as the 
initial timing estimator 18 are enabled. The packet detector 17 delivers a cor- 
relation value CorrVal to the sync-control module 23 which indicates the de- 
gree of similarity between a bit stream of a received demodulated waveform 
and the expected access code or synchronization word. When CorrVal exceeds 
a programmable threshold CorrThres the wanted packet is supposed to be 
found. In this case the state PACKET FOUND is entered in case that the sig- 
nal Sync Win is high or I. 



35 



Always when the state PACKET FOUND is entered the latest correlation value 
CorrVal is stored in a register MaxCorrVal of the sync-control module 23 (not 
shown). 
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1 Whenever a new correlation value CorrVal from the packet detector 17 ex- 
ceeds trie registered correlation value MaxCorrVal, while at the same time the 
state FINISHED has not been reached, while the signal SyncWin is high or 1 
the state PACKET FOUND is reentered and MaxCorrVal is set to the new va- 

5 lue. i. e., the synchronization process can be restarted in the state PACKET 
FOUND. As a consequence the synchronization unit can continue with scan- 
ning for access codes while data extraction is already prepared or even star- 
ted. In case the correlation value CorrVal indicates a higher level of confi- 
dence {higher correlation value CorrVal) compared to the last packet detee- 

10 tion, the synchronization process is restarted. So far extracted data is rejec- 
ted. Restarting of the synchronization process may be called multiple sync- 
found. 

An advantage of multiple sync-founds is that the tradeoff between the false 
15 alarm rate and the packet detection performance under noisy conditions is 
eased, as always the best matching sequence can be detected. False alarms 
do not block the synchronization unit to detect access codes received with 
sufficient signal quality. Normally false alarms do not reach the highest pos- 
sible correlation value CorrVal levels 

20 

The State PACKET FOUND can only be entered when a signal SyncWin is set 
to 1. Otherwise the result of the correlation value CorrVal evaluation is igno- 
red. By means of the signal SyncWin higher layers can control the synchro- 
nization process. A well-defined time window for synchronization can be given 
25 as a consequence. 

When the state PACKET FOUND is entered the timing of the detected packet 
is already roughly known. However the inaccuracy is nearly ±1 symbol. As a 
consequence the initial timing estimator 18 has to search for the accurate ti- 
30 ming during one symbol period only. This allows an efficient implementation 
of the initial timing estimator 18. 

The state PACKET FOUND is left when the search time for the initial symbol 
timing estimate starts. The search time starts a programmable time after the 
35 state PACKET FOUND has been entered. A counter WinCount is started when 
the state PACKET FOUND is entered. When the counter WinCount value re- 
aches the programmable value WinStart the state SEARCH TIMING is entered. 
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1 The counter WinCount continues to run in the state SEARCH TIMING. The de- 
lay given by value WinStart between packet detection and start of the initial 
timing search is needed as the packet detector 17 and the initial timing esti- 
mator 18 trigger on different parts of the processed access code. The packet 

5 detector 17 triggers at the end of the synchronization word and the initial ti- 
ming estimator 18 triggers at the end of the trailer bits of the received data 
packet. 

In the state SEARCH TIMING the sync-control module 23 waits for the trigger 
10 signal InitTiming from the initial timing estimator 18. When the trigger signal 
InitTiming arrives, i. e. when the signal InitTiming equals 1 or when the 
counter WinCount reaches the programmable value WinStop the state SYNC- 
FOUND is entered. 

15 The state SYNCFOUND only lasts for one clock cycle. It indicates to the other 
modules that an access code with the accurate symbol timing has been found, 
i.e. that synchronization has been found. The timing estimator 21 and the 
sample-and-hold module 22 are initialized during the state SYNCFOUND. In 
these modules 21 and 22 modulo counters with a period corresponding to the 

20 symbol period are started then. The state SYNCFOUND is immediately left. 
Normally the state ACTIVE is entered. Except for the one condition that the 
counter CorrVal value exceeds the registered value MaxCorrVal while the sig- 
nal SyncWin is set. In this case the state PACKET FOUND Is entered. 

25 The state ACTIVE lasts for a programmable time MaxSearchTime. When it is 
entered the counter AfterSFCount is started. When this counter AfterSFCount 
value exceeds the programmable value MaxSearchTime the state FINISHED Is 
entered. 

30 During the state ACTIVE as well as during the state FINISHED the data ext- 
raction is active. However during the state ACTIVE the synchronization pro- 
cess can be restarted under the known conditions bound to the values Corr- 
Val, MaxCorrVal and SyncWin. 

35 The state FINISHED Is left when the synchronization unit 23 is disabled. In 
this case the state INIT ts entered again when the signal enable is set high. 
Normally the synchronization unit 14 is switched off inberween. 
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The synchronization unit 14 is not responsible for detecting the end of the 
user data. Higher layers have to stop the data evaluation at the appropriate 
time. 

Advantage of the modular structure of the synchronization unit 14 according 
to the present invention is that the modules for packet detection and symbol 
timing estimation (packet detector 17, Initial timing estimator 21) can conti- 
nue to work when the data extraction is already started. 

For an optimum receiver performance in terms of bit error rate the most ap- 
propriate samples within the oversampled bit stream from symbol slicing -the 
so called golden samples- have to be used to represent the received bits. 

The task of the timing estimator 21 is to set the sample time for the sample- 
and-hold circuit 22. After initialization the timing estimator 21 continuously 
corrects the sampling time. Main reason for the continued correction is to 
compensate for Initial timing errors after synchronization. A second reason is 
to compensate for deviations between the transmitter and receiver bit clock. 

The timing estimation is done with an edge detection procedure. That means 
that the edges of the oversampled data signal from symbol slicing are used to 
estimate the symbol timing. As the received and filtered symbols are symme- 
tric the so called golden samples are found in the center of each symbol. Due 
to the symmetry of the symbols the edges are always positioned in the center 
between two symbols. Consequently the edges occur with a fixed phase of half 
a symbol relative to the golden samples. 

The timing estimation is done in two steps. In the first step for each edge on 
the data signal from symbol slicing, i. e. the oversampled bit stream, the esti- 
mated timing of an expected edge is compared with the actual edge timing. 
The estimated timing of an expected edge can be generated by delaying the la- 
test sampling trigger by half a symbol. The sampling triggers correspond to 
the estimated timing of the golden samples. The estimated timing of edges 
and the estimated timing of golden samples can be regarded as certain pha- 
ses of the estimated symbol timing. 
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1 If the estimated edge timing appears to be early an early -late-counter 31 va- 
lue (cf. Fig,5) is decremented. If it appears to be late the early-late -counter 31 
value is incremented. This is done for each actual edge that appears. When 
actual edges and estimated edges occur at the same time the early-Iate-coun- 

5 ter 31 value is unchanged. Also when no actual edges occur due to a se- 
quence of equal bits the early-late-counter 31 will keep its value. 

In the second step the early- late -counter 31 value is compared to a pro- 
grammable threshold CorrectionThres. If the positive or negative value of the 
10 early-late-courtter exceeds this threshold CorrectionThres the estimated sym- 
bol timing is appropriately corrected. With this threshold the adaptation 
speed of the timing estimation is controlled. After correction of the estimated 
symbol timing the early- late- counter 31 value is set to O again. The early- 
late-counter value is also set to 0 at initialization in the state SYNCFOUND. 

15 

Figure 5 shows an example for an implementation of the timing estimation in 
the timing estimator 21. 

The estimated edge timing is given with a signal ExpectedEdge that can be in- 
20 ternally generated from the current symbol timing estimate, i. e. from the 
current golden sample timing estimate, by delaying the sample trigger by half 
a symbol as mentioned above. The bit stream from symbol slicing, i.e. the 
output signal of the comparator 20, is used in the timing estimator for gene- 
rating the signal ActualEdge by performing edge detection on this signal. 

25 

The signal ExpectedEdge and a signal ActualEdge generated by an edge de- 
tector 24 are fed each into a tap delay line 25, 26 with a length of roughly 
half a symbol. The taps of each of the tap delay lines 25, 26 are respectively 
connected to first and second AND gates 27, 28 via respective OR gates 29, 

30 30. The signal ActualEdge output by the edge detector 24 is fed to a second 
input of the second AND gate 28 the first input of which receives the output 
of the second OR gate 30 that Is connected with the second tap delay line 26 
receiving the signal ExpectedEdge. Similarly, the signal ExpectedEdge is fed 
to a second input of the first AND gate 27 the first input of which receives the 

35 output of the first OR gate 29 that is connected with the first tap delay line 
25 receiving the signal ActualEdge. 
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1 By respectively comparing each one of the signals ActualEdge and Expected- 
Edge with the delayed taps of the other it is checked if one event (i.e. expec- 
ted or actual edge) occurred before the other. If so, a corrsponding trigger 
Early or Late is respectively set and the early-late-counter 3 1 is appropriately 

5 changed. Under normal operation ExpectedEdge and ActualEdge events occur 
at maximum only a few samples apart. In addition, ExpectedEdge and Actual- 
Edge events occur at most only once during a period of nearly one symbol. 

When the early-late-counter 31 value exceeds the correction threshold Car- 
lo rectionThres the estimated symbol timing is appropriately shifted one sample 
by incrementing or decrementing the signal SelSampleNo by correction means 
32 associated with early- late-counter 31. I. e., if early-late -counter 31 value 
is less than the negative value of the threshold CorrectionThres the signal 
SelSampleNo is incremented, whereas, when the early-late-counter 31 value 
15 is greater than the positiv threshold CorrectionThres the signal SelSampleNo 
is decremented. The early-late -counter 31 value is then reset to zero again. 

The timing estimator 21 as well as the sample-and-hold circuit 22 are initiali- 
zed in the state SYNCFOUND. The state SYNCFOUND occurs with a known fi- 

20 xed phase relative to the received demodulated waveform signal. SelSampleNo 
is a certain phase relative to a free running modulo counter 33 (period 1 sym- 
bol) which is initialized at the SYNCFOUND state. At initialization Sel- 
SampleNo is set to a well-defined value which represents the initially estima- 
ted timing of golden samples. As a consequence the current symbol timing es- 

25 timate is given with the signal SelSampleNo. 

The symbol timing estimate STE, i.e. the estimated timing of the golden 
samples is delivered to the sample- and-hold circuit 22 with two signals, i.e. 
the signal SelSampleNo and the output of counter 33. The free running mo- 

30 dulo counter 33, is used as a reference time. The modulo counter 33 is star- 
ted when the sync-control circuit 23 enters the state SYNCFOUND by a start 
signal Start. The second signal SelSampleNo determines the actual sampling 
time. When SelSampleNo and modulo counter 33 value are equal the 
sampling is triggered. When SelSampleNo is incremented by 1 the sample ti- 

35 ming is delayed one sample. When SelSampleNo is decremented by 1 
sampling takes place one sample earlier. 
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1 Purpose of the two-signal solution instead of one sampling trigger signal is to 
deliver besides the actual timing also information about the initial timing to 
the sample-and-hold circuit 22. 
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